Different yet similar C H I N G -J U TS A I & J O E R G STA N D F U S S
C ellular signalling relies on a complicated network of biochemical chain reactions. G-protein-coupled receptors (GPCRs) are crucial nodes in the network that receive and transmit chemical, photonic or mechanical signals across the cell membrane to cyto plasmic signalling partners, including the eponymous G proteins. Thousands of compounds in nature can act as ligand molecules that activate GPCRs, but there are only about 800 such receptors in the human genome 1 and just 4 main classes of G protein. The GPCR structure now reported by Liang and colleagues 2 on page 118 brings us closer to answering the question of how different GPCR classes process information from such a wide pool of molecules using a limited number of signalling partners.
In 2011, the first structure of a signalling complex from the largest family of GPCRs -the class A family -was reported 3 . More specifically, it was the complex between the β 2 adrenergic receptor and its G protein partner, G s . The 2012 Nobel Prize in Chemistry was awarded in part for this ground-breaking structural work. After a long wait, Liang et al. now report a structural model of a class B GPCR signalling complex: the calcitonin receptor bound to both the G s protein and to its ligand, the hormone calcitonin (Fig. 1) . The calcitonin receptor is part of the secretin family of GPCRs, which are specifically activated by peptide hormones. There are many fewer class B receptors in humans than class A receptors. However, they are crucial pharmacological targets because they govern hormonal homeostasis and affect many physiological functions that are relevant to chronic diseases such as diabetes, cancer and obesity 4 . Secretin receptors feature a large extra cellular domain that binds the peptide hormone and guides it into a binding pocket in the receptor 5 . As might be expected, the largest structural differences between the class A and B signalling complexes are observed in the extracellular parts of the receptors, which have evolved more freely than the other parts in response to the different nature and sizes of the activating ligands.
The authors also report some distinct differences in how the two GPCRs bind the same G protein -for example, an inter action between the β-subunit of the G protein and helix 8 of the calcitonin receptor is absent in the class A signalling complex. But, overall, the structures suggest that the mecha nisms by which the two receptor classes are activated are amazingly similar, despite the fact that their amino-acid sequences are quite different. In both cases, activation is characterized by helix 6 moving prominently away from the bundle of other transmembrane helices, opening up the intracellular half of the receptor ready to interact with the G protein. The general architecture of these, and probably other, signalling complexes is thus evolutionarily well conserved between GPCR classes.
Most GPCR structures have been obtained by X-ray crystallography, using receptors that have been heavily engineered to reduce their molecular flexibility and to obtain crystals that diffract well 6 . Liang et al., however, pushed the limits of a technique called cryo-electron microscopy (cryo-EM) to resolve the topology of a full-length signalling complex that represents the native, physiological state as closely as possible. Inherently flexible regions, such as the large extracellular amino-terminal domain of the receptor, are typically not as well resolved using this technique. As a result, the final molecular model presented by Liang and colleagues includes only about 66% of the complete signalling complex. Nevertheless, the authors were able to reconstruct a low-resolution structural 'envelope' of the flexible regions. This, in combination with previously reported partial structures of peptide-binding domains and of related, inactive class B GPCRs, will enable us to work out how bound peptides are presented to the receptor core. Disentangling how such GPCR signalling complexes convert information from the binding of a specific ligand into a cellular response has crucial implications for drug development and our understanding of human diseases. 
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Microscopy on the up R O B E R T M . G L A E S E R
T he physicist Frits Zernike once wrote 7 that optical microscopists "put the object a little out of focus -in order to see the tricky transparent details". The same is true of electron microscopists, but doing so limits the image contrast that can be achieved, as it does in light microscopy. Liang et al. overcame this problem by using a device known as a Volta phase plate 8 to collect the data. The image contrast produced by such a phase plate can be as much as the full amount that physics allows, and is much greater than what can be achieved simply by defocusing the image. The authors' use of this technology thus stands as a milestone in the development of cryo-EM as a tool for structural biology.
An example of a 'tricky transparent detail' in Liang and colleagues' study is the toroidal belt of detergent molecules that is wrapped around the hydrophobic transmembrane helices of the GPCR to allow the receptor to be dissolved and purified. The authors were able to see this feature easily using the phase plate. By contrast, such a feat is possible in crystallography only by using a challenging technique called hydrogen/deuterium contrast variation 9 . Images of the detergent belt have previously been obtained using cryo-EM for other transmembrane proteins, but with much greater difficulty than in Liang and colleagues' work, and at a much later stage of the imaging process 10 . When protein structures are determined using cryo-EM, data must be merged from many images of protein particles taken at different orientations. Some experts in the field feared that the detergent belt would interfere with this process. It is therefore particularly interesting to note that these fears were unfounded -a point that is demonstrated by the high resolution achieved for the membrane-bound protein component of Liang and colleagues' structure.
Cryo-EM structures obtained using a phase plate can be produced at higher resolution than those achieved without one, using fewer protein particles 11 . Moreover, highresolution structures can be obtained even when the macromolecules are very small 12 . In the current study, however, the overall resolution (4.1 ångströms) and small molecular weight (for cryo-EM) of the protein are both within the range of what can be achieved without a phase plate. Some degree of structural heterogeneity -especially at high resolution -between the particles used in the study is likely to be the limiting factor, rather than any aspect of the data collection and analysis (including the use of a phase plate).
As the current work attests, cryo-EM might soon overtake crystallography as the go-to method for high-resolution structure determination of inherently unstable and flexible membrane proteins. This is because structures can be obtained for proteins for which there is little hope of obtaining well-diffracting crystals. More importantly, structures can be determined in multiple conformational states, with the same buffer solutions as are used to characterize the protein's function -thus ensuring that the cryo-EM structures obtained are representative of the functional form of the protein.
Nevertheless, there is still much to be done to optimize cryo-EM as a tool for structural biology. Both the cameras and the phase plates used in this technique have considerable scope for improvement; such work is under way. The methods for preparing protein specimens for cryo-EM studies also still leave much to be desired, and are becoming a focus of research. It therefore seems that the ascendancy of cryo-EM as a high-resolution tool in structural biology has only just begun. ■ 
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